METHOD FOR MANUFACTURING DIODE SUBASSEMBLIES USED 
IN RECTIFIER ASSEMBLIES OF ENGINE DRIVEN GENERATORS 



Related Application 

This application is based upon prior filed 
provisional application Serial No. 60/228,381 filed 
August 28, 2000. 

Field of the Invention 

This invention relates to the field of 
rectifier assemblies used in engine-driven generators, 
such as automotive alternators, and more particularly, 
this invention relates to the field of manufacturing 
diode subassemblies used in such rectifier assemblies. 

Background of the Invention 

Press fit diode subassemblies are commonly 
used in vehicular extended thermal cycle minimal part 
robust rectifier assemblies, such as the type shown in 
commonly assigned U.S. Patent No. 5,991,184, the 
disclosure which is hereby incorporated by reference in 
its entirety. These press fit diode subassemblies are 
formed as a subassembly of diode parts and press fitted 
within electrically conductive cooling plates of the 
rectifier assemblies. A stand-up diode lead extends 
upward from a diode cup that is usually press-fitted 
and interconnects various generator, e.g., alternator 
components. The press fit diode subassemblies include 
a lower cup, a silicon or other semiconductor diode die 
used as the diode or rectifying components, a stand-up 
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diode lead, and an epoxy formed over the exposed diode 
lead and upper area of the cup. These types of 
rectifier assemblies using these diode subassemblies 
are produced throughout the United States and world, an 
example which is shown in the '184 patent. A 
plurality, such as six press fit diode subassemblies, 
are manufactured for each rectifier such as that 
disclosed in the '184 patent, although the number of 
diode subassemblies can vary depending on the type of 
rectifier and its end use. 

The manufacturing techniques used in 
producing these press fit and similar diode 
subassemblies used in rectifiers are critical important 
and the techniques used can make a difference between a 
rectifier having a short life versus a longer life. 
Thus, it is critically important that the manufacturing 
processes of the diodes subassemblies be carefully 
monitored and controlled to obtain optimum diode 
production and rectifier operation. 

Summary of the Invention 

It is therefore an object of the present 
invention to provide an improved method and process for 
manufacturing diode subassemblies used in rectifiers 
for engine-driven generators such as in automotive 
applications . 

The present invention is advantageous and 
provides a diode subassembly manufacturing process that 
is advantageous and produces diode subassemblies with 
less oxidation and in a manufacturing environment that 
allows more critical specifications to be met. 

In accordance with the present invention, a 
method of manufacturing a diode subassembly used in 
rectifiers for engine-driven generators is disclosed. 
The diode subassembly includes a diode cup and 
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semiconductor diode die and diode leads fitted therein. 
In one aspect of the present invention, the method 
advantageously reflow solders a semiconductor diode die 
and diode lead within a diode cup in an argon/hydrogen 
atmosphere. This is advantageous over many prior art 
processes where a hydrogen or nitrogen atmosphere is 
used. 

In yet another aspect of the present 
invention, solder preforms are inserted between the 
diode cup and semiconductor diode die, and the diode 
lead and semiconductor diode die before reflow 
soldering. Reflow soldering can occur within an 
argon/hydrogen atmosphere of about 80% argon and 20% 
hydrogen. The step of reflow soldering can be at a 
temperature up to about 400 °C. The step of reflow 
soldering can occur under pressure to aid in forcing 
the semiconductor diode die, diode cup and diode lead 
together. 

In yet another aspect of the present 
invention, the step of reflow soldering can occur at a 
pressure up to about 60 pounds per square inch. The 
step of reflow soldering can occur with a lead-tin- 
indium solder. The step of reflow soldering can also 
comprise the step of sealing the diode cup, 
semiconductor diode die and diode lead with a sealant, 
such as epoxy. 

In yet another aspect of the present 
invention, the method of manufacturing a diode assembly 
of the present invention comprises the steps of 
positioning a diode cup within a die boat having a 
plurality of soldering positions for holding diode cups 
therein. A lead loader has a removable lead holder 
that holds diode leads within the lead loader. The 
lead loader is positioned over the diode boat such that 
the diode leads are aligned with respective diode cups. 
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The lead holder is removed from the lead loader such 
that the diode leads fall into the center cups, which 
also have the semiconductor diode die positioned 
therein. The die boat is positioned within an oven and 
the semiconductor diode die and diode lead are soldered 
within the diode cup in an argon/hydrogen atmosphere of 
the oven. 

Brief Description of the Drawings 

Other objects, features and advantages of the 
present invention will become apparent from the 
detailed description of the invention which follows, 
when considered in light of the accompanying drawings 
in which: 

FIG. 1A is an isometric view of a diode 
subassembly of the present invention. 

FIG. IB shows the polarity direction of the 
diode subassembly of FIG. 1A. 

FIG. 1C is an exploded isometric view of the 
diode subassembly shown in FIG. 1A. 

FIG. 2 is a sectional view of the diode 
subassembly shown in FIG. 1A. 

FIG. 3 is an enlarged isometric view of the 
diode subassembly shown in FIG. 1A. 

FIG. 4 is an enlarged isometric view of the 
stand-up diode lead that fits into the diode cup as 
shown in FIG. 1C. 

FIG. 5 shows a perspective view of a silicon 
diode die and two solder preforms positioned on either 
side that are circular configured and used for the 
process of the present invention. 

FIG. 6 shows a partially disassembled diode 
subassembly with the die attached to the circular base 
plate within the diode cup, where the stand-up diode 
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lead has been forcibly removed and showing the solder 
on top of the silicon diode die. 

FIG. 7 is another perspective view of a 
partially assembled diode subassembly showing the 
stand-up diode lead soldered onto the silicon diode 
die . 

FIG. 8 is a perspective view of a vacuum 
furnace that receives diode boats containing the 
incomplete diode subassemblies for reflow soldering. 

FIG. 9 is a perspective view of a diode boat 
having diode cups contained in the lower boat member 
and showing the upper plate that covers the lower boat 
member and a lead loader positioned adjacent the diode 
boat and showing diode leads extending upward from the 
lead loader such that when the lead holder is removed, 
the diode leads fall through the orifice in the upper 
plate into the diode cups . 

FIG. 10 is another view of the diode boat 
shown in FIG. 9. 

FIG. 11 is another view of a lower boat 
member without an upper retaining plate. 

FIG. 12 an exploded isometric view of a lead 
loader and lead holder that is slidably removed within 
the guide channels of the lead loader. 

FIG. 13 is a perspective view of the upper 
retaining plate turned over wherein diode cups are 
positioned therein and showing the bottom surface of 
the diode cups. 

FIG. 14 is a sectional view of a small 
portion of a diode boat and showing a diode cup 
contained within a diode retaining orifice in the lower 
boat member and an upper retaining plate positioned 
over the lower boat member and retaining the diode cup 
therein for a first type of diode cup called a "C" cup. 
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FIG. 15 is a view similar to FIG. 14, but 
showing a small difference in size for a "B" cup. 

FIG. 16 is a plan view of a lower boat 

member. 

FIG. 17 is an enlarged view of a diode 
retaining orifice as shown in FIG. 16. 

FIG. 18 is a sectional view taken along line 
18-18 of FIG. 17. 

FIG. 19 is a side elevation view of the lower 
boat member shown in FIG. 16. 

FIG. 20 is a fragmentary top plan view of an 
upper retaining plate for a B cup shown in FIG. 15 and 
showing orifices through which diode leads can be 
dropped into diode cups. 

FIG. 21 is a slightly enlarged view of a 
portion of FIG. 20. 

FIG. 22 is a sectional view taken along line 
22-22 of FIG. 21. 

FIGS. 23-25 are views similar to FIGS. 20-22, 
but showing use with a "C" cup. 

FIGS. 26-28 are views similar to FIGS. 20-22 
and 23-24, but showing the . structure for use with a 
diode subassembly such as used with a DR4000 rectifier 
assembly. 

Det:ailed Description of -the Preferred Embodiments 

The present invention will now be described 
more fully hereinafter with reference to the 
accompanying drawings, in which preferred embodiments 
of the invention are shown. This invention may, 
however, be embodied in many different forms and should 
not be construed as limited to the embodiments set 
forth herein. Rather, these embodiments are provided 
so that this disclosure will be thorough and complete, 
and will fully convey the scope of the invention to 
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those skilled in the art. Like numbers refer to like 
elements throughout . 

The present invention is advantageous for the 
manufacture of press fit diode subassemblies and other 
diode subassemblies used in the rectifier assemblies as 
shown in the incorporated by reference '184 patent. 
Naturally, other types of diode subassemblies used with 
different rectifiers and other applications can be 
processed, in accordance with the present invention. 
The following description is not limited to the 
illustrated types of rectifiers and diode 
subassemblies . 

FIG. 1C illustrates an exploded, isometric 
view of a press fit diode subassembly 30 that could be 
processed in accordance with the present invention. As 
illustrated, the press fit diode subassembly includes a 
lower diode cup 32 having a circular configuration. 
The interior portion of the diode cup 32 includes a 
raised, annular die mount 32a. The lower edge portion 
34 of the diode cup has serrations 36 (FIGS. 1A, 1C, 2, 
3, 6 and 7) to allow a press fit within a close 
tolerance orifice of a cooling plate of a rectifier. A 
diode cup is typically formed as a copper cup that is 
nickel plated. 

The silicon semiconductor diode die shown at 
38 is reflow soldered with the solder preforms 40,42 
into the diode cup using a furnace, such as shown in 
FIG. 8. Although a six-sided semiconductor diode die 
38 is shown in FIG. 1C, and square configuration is 
shown in FIG. 5, any type of configuration is possible 
as known to those skilled in the art. A stand-up diode 
lead 44 rests on solder preform 42, and an epoxy layer 
46 is used as a sealant. The diode lead 44 includes a 
stem 44a and circular base 44b. Polarity of the 
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semiconductor diode die 38 is confirmed during the 
manufacturing process such that the flat underside of 
the diode cup at its circular base 44b corresponds to 
the cathode and the stem 44a corresponds as the anode. 

As shown in FIG, 2, the diode subassembly 30 
has a diode cup with a diameter about the size of its 
height. This size can vary. The stand-up diode lead 
44 is reflow soldered. The stand-up diode lead 44 can 
be a nickel plated copper lead, in one aspect of the 
present invention . 

After the stand-up diode lead and silicon 
semiconductor diode die are reflow soldered using the 
preforms 40,42, the partially assembled diode 
subassembly as shown in FIG. 7 is tested. After 
testing, the epoxy coating or sealant 46, as shown in 
FIG. 3, is then placed into the cup as a seal. Before 
epoxy sealing, other barriers or sealants could be 
inserted as well. The epoxy sealant 46 should not 
exceed the top of the diode cup wall at the perimeter 
and there should be a minimum to cover the diode lead 
base 44b. There should be no epoxy on the exposed 
diode lead stem 44a except for the wicking of the epoxy 
at the diode lead/epoxy interface as shown in FIG. 7. 

FIG. 5 illustrates in detail the two circular 
configured solder preforms 40,42 with the silicon 
semiconductor diode die 38 in the middle and showing 
the relative size of the silicon semiconductor diode 
die and solder preforms. FIG. 6 shows a partially 
assembled press fit diode subassembly 30 after 
soldering where the stand-up diode lead has been 
forcibly removed to show the solder reflow bond as 
broken on top of the silicon semiconductor diode die. 

FIG. 8 shows an example of a type of 
controlled atmosphere vacuum furnace 50 that can be 
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platens 52 are shown in FIG. 8. A three phase system 
using individual phase angle fired silicon controlled 
rectifier (SCR) units with AC outputs could provide the 
necessary heater power required for practicing the 
invention. A two-stage vacuum pumping system draws air 
out of the furnace down to a level of about 10 
millitorr. A pressurization system is used and 
programmable to select between different gas inputs to 
operate between vacuum and pressure up to about 60 
pounds per square inch. 

Temperature control allows changed increments 
of up to about 1°C, and up to about 400°C. The platens 
52 are about eight inches wide with a usable heated 
length of about 30 inches to form a combined heated 
area of about 725 square inches. 

In operation, diode boats for carrying the 
partially assembled diode subassemblies are loaded into 
the furnace and onto the platens. The process 
parameters can be microprocessor controlled from stored 
programs that allow a desired temperature and pressure 
for atmospheric control over ramping, soaking, and 
cooling. These atmospheric control functions can be 
initiated at any point in a cycle and can be controlled 
based on time or any atmosphere level that has been 
achieved . 

As illustrated, the furnace is rectangular 
configured and includes an interior, rectangular 
configured processing chamber 54 holding the platens 52 
and using a hydraulically actuated lid 56. When in the 
full open position as shown in FIG. 8, all of the 
processing diode boats are directly accessible to the 
operator. It is possible that one side of the furnace 
could engage an end-line conveyor to increase 
processing control and automation. An operator console 
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could be located on the other side of the furnace to 
control automated operation. 

The furnace can include gas cooling rakes 58, 
such as those positioned in the lid 56 as shown in 
FIG. 8. Phase angle fired silicon controlled 
rectifiers could control the graphite platens. The 
atmosphere in the furnace can be controlled by 
different techniques, such as digitally controlled 
means. Valves are controlled to provide for back fill, 
pressurization and cooling. A digitally controlled 
regulator can feed proportional pressure signals to a 
distribution manifold using selection valves in a one- 
to-one ratio pilot operated regulator. 

The processing chamber can be made from a 
welded stainless steel or other similar material, 
including an inner and outer wall to accommodate water 
cooling. Naturally, the lid is hermetically sealed 
when closed. In one configuration, upper and lower gas 
rakes can be positioned to create a turbulent flow 
directly over any processing diode boats and underneath 
the graphite platens. The processed gas used in the 
present invention and any air can be selected from 
different, e.g., three gas inputs, using a programmed 
flow rate as necessary by one skilled in the art. The 
system can cool a diode quickly to a desired handling 
temperature and for later inspection. 

As noted before, the diode subassemblies are 
processed in diode boats 100 that are placed within the 
processing chamber 54 of the furnace 50 on the platens 
52. As shown in FIG. 9, diode subassemblies 30 are 
placed within a diode boat 100 as formed as a lower 
boat member 102 (FIGS. 16-19) and contained in diode 
retaining orifices 104. An upper retaining plate 106 
is positioned over the lower boat member 102 and 
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through which diode leads can extend on the upper 
retaining plate. The lead holder 130 is slidably 
removed and the diode leads drop into the diode cups. 
The lead loader 120 can then be removed off the diode 
boat and the diode boat, as shown in FIG. 10, can be 
placed in the furnace for reflow soldering. FIG. 13 
illustrates an inverted portion of the diode boat where 
the lower boat member is removed, showing the diode 
cups 32 retained within the upper retaining plate 106. 

FIGS. 14-15 show two types of diode boats 100 
very similar to each other, but allowing a different 
type of diode subassembly to be soldered therein. As 
shown in FIG. 15 for a "B" cup, which is somewhat 
larger than a "C" cup, FIG. 15 allows larger dimension 
diode subassemblies. FIGS. 14 and 15 show the lower 
boat member 102 in fragmentary sectional view with a 
diode cup held therein and an upper retaining plate 
positioned thereover . 

FIGS. 20-22 show the upper retaining plate 
106 in fragmentary plan view (FIG. 20) and fragmentary 
sectional view (FIG. 22) of a portion in detail as 
shown in FIG. 21 for a "B" cup, while FIGS. 23-25 show 
a portion for a "C" cup. 

FIGS. 26-28 show similar views, but for a 
known type of manufactured diode subassembly used with 
a DR4000 rectifier that is commercially marketed by 
Transpo Electronics, Inc. 

After reflow soldering in the furnace, which 
is controlled as noted above, the diode subassemblies 
can be transferred to an aluminum diode boat 200, as 
shown in FIG. 11, similar in design to a graphite diode 
boat, but which is not formed from a graphite material 
because it does not have to withstand heat. For 
example, the graphite diode boat 100 could be inverted 
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and the lower boat member 102 removed from the upper 
retaining plate 106, as shown in FIG. 13. The upper 
retaining plate 106 formed from aluminum of the 
aluminum diode boat is positioned thereon and then 
inverted again. The graphite upper retaining plate is 
removed and an aluminum retaining plate positioned 
thereon to form a complete aluminum diode boat. This 
allows quick and accessible interchange of different 
diode boats. 

At the time when the diode subassemblies are 
positioned within the aluminum diode boat, a separate 
test assembly can be positioned on the aluminum diode 
boat and testing of each diode subassembly can occur. 
After testing, the epoxy sealant can be added. The 
diode subassemblies, once completed with the epoxy 
sealant, and once tested, can be removed for further 
manufacturing into completed rectifier assemblies. 

Many modifications and other embodiments of 
the invention will come to the mind of one skilled in 
the art having the benefit of the teachings presented 
in the foregoing descriptions and the associated 
drawings. Therefore, it is to be understood that the 
invention is not to be limited to the specific 
embodiments disclosed, and that the modifications and 
embodiments are intended to be included within the 
scope of the dependent claims. 



